Cross-linking sites of the human tau protein, probed by reactions with human transglutaminase.
A portion of the neurofibrillary tangles of Alzheimer's disease has the characteristics of cross-linked protein. Because the principal component of these lesions is the microtubule-associated protein tau, and because a major source of cross-linking activity within neurons is supplied by tissue transglutaminase (TGase), it has been postulated that isopeptide bond formation is a major posttranslational modification leading to the formation of insoluble neurofibrillary tangles. Here we have mapped the sites on two isoforms of human tau protein (tau23 and tau40) capable of participating in human TGase-mediated isopeptide bond formation. Using dansyl-labeled fluorescent probes, it was shown that eight Gln residues can function as amine acceptor residues, with two major sites being Gln351 and Gln424. In addition, 10 Lys residues were identified as amine donors, most of which are clustered adjacent to the microtubule-binding repeats of tau in regions known to be solvent accessible in filamentous tau. The distribution of amine donors correlated closely with that of Arg residues, suggesting a link between neighboring positive charge and the TGase selectivity for donor sites in the protein substrate. Apart from revealing the sites that can be cross-linked during the TGase-catalyzed assembly of tau filaments, the results suggest a topography for the tau monomers so assembled.